Objective: To describe how mesalazine (MSZ) is used in our practice in ulcerative colitis (UC), at what dose, and the success rate (regarding adherence to therapy).
INTRODUCTION
Ulcerative colitis (UC) is a chronic inflammatory condition of the colon characterized by diffuse mucosal inflammation, bloody diarrhea, and urgency (1) . UC follows periods of inactivity and relapse, so that different types of treatments are necessary to induce or maintain remission (2) . The extension and natural course of a disease determines the evolution and treatment used to control it (2) .
Although new treatment options have emerged, mesalazine (MSZ) is frequently used as maintenance therapy for UC (3, 4) . In fact, 5-aminosalicylic acid (5-ASA) is considered as first-line therapy for inducing and maintaining remission of mildly to moderately active UC (5, 6) . 5-ASA preparations were created to avoid adverse effects of sulfasalazine. The mechanisms of action proposed for this drug have been numerous, including inhibition of the activity of the nuclear factor-kappa B pathway, inhibition of intestinal epithelial cell injury and apoptosis induced by oxidative stress, increase in the intestinal epithelial cell heat shock protein response, inhibition of colonic production of chemoattractant leukotrienes and modulation of prostaglandin metabolism (7) . Currently, there is a wide range of formats, and the drug has been formulated as granules and tablets, with different dosing schedules (8) (9) (10) . Although adherence to treatment is a complex and multifactorial issue, there is a need for improvement strategies aiming to optimize the efficacy of treatment. At present, there is no convincing evidence that there are any meaningful differences between the various delivery systems (10) . Sometimes the decision to choose one or the other is based on the personal preferences of both the prescribing doctor and the patient, and the real-life dose used by clinicians is still unknown.
The aim of the present study was to describe how MSZ is used in our practice, at which dose, and the success rate (regarding adherence to therapy) in UC patients. 
METHODS

Patients
This was an observational, transversal study including all patients with UC undergoing treatment with MSZ maintenance therapy (at least for six months) seen in scheduled outpatient visits between September 2014 and February 2015 at two IBD units in Spain. The diagnosis of UC was according to the Lennard-Jones criteria (11) . All participants were asked to sign an informed consent form prior to recruitment. The study was approved by the ethics committee of the steering center.
Epidemiological and clinical data were collected during the patient visit and by review of computerized clinical histories. Next, variables were analyzed from each patient: age, sex, smoking, type of IBD, extent of UC according to the Montreal classification (12) , time since diagnosis of UC, comorbidities, MSZ dose and schedules, previous evolution before starting MSZ treatment, concomitant treatment, clinical activity at the time of data collection according to partial Mayo score (13) and treatment adherence measured by the Morisky-Green scale (14) (Fig. 1) .
Patients receiving immunosuppressors or biologicals or patients without treatment were excluded. Altered liver function was defined as an increase in transaminases, alkaline phosphatase, gamma-glutamyl transferase or total bilirubin more than twice the upper limit of normal, with other causes ruled out by appropriate serological tests and abdominal ultrasound.
Statistical analysis
Frequencies and percentages with their corresponding 95% confidence intervals were calculated for categorical variables. Regarding quantitative variables, they were shown as mean ± standard deviation or median and interquartile range when the variable did not follow a normal distribution. The Kolmogorov-Smirnov test was used to assess the normality of continuous variables. The comparison between categorical variables was performed using the Chi-squared test. The comparison between quantitative variables and categorical variables of two groups was performed using Student's t test or the Mann-Whitney U test when the variable did not follow a normal distribution. Comparisons between quantitative and qualitative variables with three or more categories were made via the analysis of variance test (ANOVA) or by the nonparametric Kruskal-Wallis. A value of p < 0.05 was considered to be statistically significant.
RESULTS
Baseline characteristics of patients and schedule of treatment with MSZ
A total of 203 patients with UC were included in the study. Table I describes the baseline characteristics of the patients treated with MSZ included in the present study.
Mean MSZ dose was 2.6 ± 1.0 g/d. The median of time of treatment was 19.5 months (IQR: 8-48). The MSZ doses used were lower than 2 g/d in 15.3% (n = 31) of cases, in 35.0% (n = 71) the dose was from 2 to 2.9 g/d, from 3 to 3.9 in 29.5% (n = 60), and 4 g/d or more in the remaining 20.2% (n = 41). Regarding the dosing schedule, a single daily dose was preferred in 51.2% of cases (n = 104), two doses in 33.0% (n = 67) and three doses in 15.8% (n = 32) (Fig. 2) . Patients with MSZ doses distributed several times a day had a longer time of UC evolution from the diagnosis than patients who took a single daily dose (12.7 ± 9.2 vs 8.9 ± 8.6 months; p = 0.003). Moreover, patients who took two or three doses per day had a longer treatment time with MSZ than patients who took MSZ once per day (43.2 ± 48.3 vs 27.9 ± 39.0 months; p = 0.01).
At the time of data collection, 68 (33.5%) patients were on combination with topical MSZ (15 with rectal suspension, 17 with foam and 36 with suppositories).
A different MSZ brand had been previously used in 36.6% of patients. Reasons for change were medical decision (n = 50, 69.4%), side effects (n = 12, 16.7%), patient's choice (n = 8, 11.1%) or poor treatment compliance (n = 2, 2.8%). Regarding the different galenic formulations of MSZ, the pH-dependent formulation was the most frequently used in our patients (52.6%), followed by the formulations by hydration (34.6%) and the formulation with multi-matrix technology (12.8%). Significant differences in the mean of MSZ depending on the type of formulation used were found. So, patients on treatment with formulations by hydration had lower mean doses of MSZ than patients treated with other formulations (3.1 ± 1.1 g in patients with multi-matrix MSZ vs 2.9 ± 0.9 in patients with formulations pH-dependent vs 2.4 ± 0.9 in release by hydration; p = 0.001). Similarly, the kind of formulation influenced the dosing interval (p < 0.05), the administration of MSZ in a single dose being more frequent in patients with pH-dependent formulations (70%) or multi-matrix (74%) than in patients with hydration formulations (26%).
Evolution of patients on MSZ
Regarding the evolution of the disease and the severity of previous flare-ups, 55.7% of patients had had mild flareups (n = 113); 36.5%, moderate flare-ups (n = 74); and 7.9%, severe flare-ups (n = 16). During the year preceding the study, 135 patients were in remission (66.8%), whilst the remaining had suffered at least one flare-up (most of them, 63, had suffered one flare-up and only four patients, two flare-ups or more). In this group of patients, the mean dose of MSZ administered at the time of the flare-up was 2.4 ± 0.9 g/day. No significant differences were observed compared to the group of patients with no flare-ups in the previous year (2.4 ± 0.8 g). At the time of the data collection, the mean MSZ dose in patients who were in remission compared to those who had a flare-up in the previous year was 2.4 ± 0.8 vs 3.2 ± 1.0 g/day, respectively; p = 0.045. Almost half of patients (n = 31) who suffered a flare-up in the year preceding the study required oral corticosteroids to control the disease and 24 needed topical and oral MSZ on combination. The remaining cases were treated with topical (n = 3) or oral MSZ alone (n = 4) or with intravenous corticosteroids (n = 5).
In 134 cases (66%), the maintenance dose had been increased sometime during a flare-up, and in 49 this higher dose had been kept for maintenance (36.6% of cases). The maintenance dose was ≥ 4 g/d in 36 patients. On the other hand, in the remaining 85 patients, the dose was lowered after a period of time (to 2 g/d in 37 patients and to 3g/d in 25 patients). Patients with flare-ups in the previous year maintained more frequently the higher dose of MSZ compared with patients without recent flare-ups (51% vs 27% of patients that maintained higher dose, respectively; p = 0.003).
During the MSZ therapy, 20 patients were admitted (9.9%) and 29 took drug holidays, in the majority of cases (n = 26) due to patient's request after a prolonged remission (mean time without treatment 29.5 ± 40.0 months). Globally, 14 patients (6.9%) had suffered mild side effects with the current MSZ. The most frequent adverse events were altered liver function tests (21.4%) followed by dyspepsia (14.3%). Others observed adverse events are shown in table II. In any case the adverse event forced the withdrawal of the treatment with the current MSZ.
At the time of data collection, 26 patients (12.9%) had clinical activity according to partial Mayo score (22 patients with mild activity, three with moderate activity and one with severe activity) and additional determination (C-reactive protein or calprotectine). There was no differ- ence in the mean of MSZ dose in patients with and without UC activity (2.9 ± 1.2 vs 2.7 ± 1.8 g per day, respectively; p = 0.47).
Adherence of MSZ treatment
Globally, therapy adherence was good in 81.8% of cases. Only 11.4% of patients had forgotten to take their medicine ever, 10.9% had not been careful about taking their medicine, 6.5% had stopped taking their medicines when feeling better and 2%, when feeling worse. The schedule of MSZ intake influenced adherence to therapy significantly (Table III) . Twice daily administration of MSZ improved the adherence to treatment (89.6% of adherence) compared to patients who took one (74.8%) or three daily doses (87.5%) of the medication with MSZ (p = 0.03). Also, age was related to adherence, in such a way that older patients had a tendency to better adhere than younger subjects (52 ± 15.2 years vs 44 ± 15.7 years; p = 0.08). On the other hand, differences according to sex (p = 0.96), UC location (p = 0.54), time of UC evolution (9.4 ± 7.8 years in patients with bad adherence vs 11.1 ± 9.3 years in patients with good adherence), smoking status (p = 0.15), presence of comorbidities (p = 0.33) or different treatments used for other diseases (p = 0.46) were not found (Table  II) . Differences in therapy adherence were found when an adverse event occurred (p = 0.26) or based on the different MSZ dosages (3.6 ± 2.6 g/d in patients with bad adherence vs 3.6 ± 2.1 g/d in patients with good adherence).
Adherence to treatment was not different according to the different types of galenic formulations. The highest rate of adherence was obtained in the group of patients with pH-dependent formulations (85.5% adherence), followed by formulations by hydration (81.9%) and multi-matrix technology (68.2%, p > 0.05).
DISCUSSION
Following the most recent guidelines about the maintenance treatment in patients with UC, the minimum effec- (17) . However, patients on the higher dose were in remission for longer than patients in the other group (175 days in remission vs 129 days, p < 0.001). They also found that the rate of remission was different according the previous disease evolution (17) . So, in patients with frequent relapses (more than three relapses per year) 2.4 g/day was better than 1.2 g/day (17) . In our study, almost 40% of patients had suffered one flare-up or more (the majority of them were mild flare-ups) the year preceding the study and almost the same percentage increased the MSZ dose sometime during a flare-up when under MSZ therapy, and kept this dose for maintenance. So, this fact could explain the high mean dose obtained, trying to avoid new flare-ups. Regarding treatment schedule, the current guidelines suggest that once-daily administration of 5-ASA has been proven to be at least as effective as twice-or three-timedaily administration, with no increase of side effects (10) . In a previous clinical trial developed by Lichtenstein et al., authors observed that the percentage of relapse-free patients at month 6/end of treatment was higher in patients taking MSZ compared to placebo (78.9% vs 58.3%, p < 0.001) (18) . The authors concluded that once-daily MSZ was effective in maintaining remission of UC for six months. Other authors have also observed that once-daily dose of mesalamine is as effective and safe as multiple daily doses for the induction and maintenance treatment of mild to moderate UC (8, 9, 19) . Taking into account that once-daily dosing with 5-ASA is as effective as multiple doses it would be advisable to instruct patients to take a single daily dose to ease the treatment better than several administrations per day. In our study, we observed that patients' features are different according to treatment schedule, in such a way that patients who take MSZ in a single dose have a shorter time of UC evolution and shorter time of treatment with MSZ than patients who took two or three doses per day. Despite this fact, more than half of our patients already take MSZ in one daily administration and it seems that this treatment regimen is taking hold in clinical practice; there is still a substantial number of patients who continue taking several doses following recommendations given in other sites or prescriptions given long time ago.
Current guidelines suggest that extensive UC of mild-moderate activity should initially be treated with oral 5-ASA > 2 g/day, which should be combined with topical MSZ to increase remission rates if tolerated (10) . Systemic corticosteroids are appropriate if symptoms of active colitis do not respond to MSZ. In the present study, almost half of patients (46.3%) who suffered a flare-up in the year preceding the study required oral corticosteroids to control the disease, and 35.8% needed topical and oral MSZ in combination. Patients who suffered a flare-up did not have lower basal doses of MSZ. Regarding changes in MSZ dosage, in our study, 66% of patients increased the maintenance dose sometime during a flare-up, and in one third of them this higher dose (≥ 4 g/d in most of the cases) was kept for maintenance. This would explain why the mean dose of MSZ was significantly higher in patients who had had at least one flare-up in the previous year compared to patients who were in remission at the time of data collection. Results obtained in ASCEND I/II trials indicated that 4.8 g/day MSZ provides statistically significant higher rates of mucosal healing and sigmoidoscopic improvement within a 6-week period when compared with a 2.4 g/day dosing regimen in patients with moderately active UC (20) (21) (22) . Takeshima et al. conducted a multicenter retrospective study to investigate the efficacy of continuous maintenance treatment with 4.0 g/day of MSZ (23) . Patients receiving acute induction therapy with 4.0 g/day MSZ were enrolled and followed up. Those who improved clinically or achieved clinical remission were categorized into two sub-groups according to the median duration of treatment with 4.0 g/day of MSZ (a short-term treatment group (≤ 105 days, n = 58) and a long-term treatment group (> 105 days, n = 57). Long-term continuous treatment with high-dose MSZ (4.0 g/day) was more effective (relapsefree rate higher and mean time to relapse longer) than short-term treatment for maintenance of remission in UC patients (23) . In a recent study (MOMENTUM Trial), patients achieving complete remission with a multimatrix MSZ 4.8 g/day once daily for eight weeks and then beginning dose reduction were more likely to remain in remission at month 12 than patients who began maintenance in partial remission (24) . In our study, patients with flare-ups in the previous year more frequently maintained the higher dose of MSZ compared with patients without recent flare-ups (51% vs 27%, respectively). Increasing the dose of MSZ seems to be a good strategy before a therapeutic step-up to other medications, but the dose should be modified individually according to effectiveness and previous evolution of UC.
There are several formulations of oral MSZ available in our country primarily differentiated by the mechanism of MSZ delivery to the colon. There are formulations released by hydration, formulations with a pH-dependent mecha-nism of action and formulations with a multi-matrix basis. Regarding overall efficacy of the different formulations, it has been described in the literature that there are no significant differences, and the main differences are found in the dosage (3). In our study we evaluated how the MSZ is used in our clinical practice but we did not perform a prospective follow-up to assess the efficacy of such treatment. We found that patients on treatment with formulations by hydration have lower mean doses than patients with other formulations. We also found that the kind of formulation influenced the interval of administration, the administration in a single dose being more frequent in patients with pH-dependent formulations or multi-matrix than in patients with formulations by hydration.
MSZ intolerance is not very common; it has been described that it occurs in up to 15% of patients. In the clinical trial developed by Lichtenstein et al., the incidence of adverse events was similar between groups, MSZ and a placebo group. Diarrhea (3%), headache (2%), nausea (2%), rash (1%) and thrombocytopenia (1%) have been reported in different studies (25) (26) (27) . In our study, adverse effects were infrequent (7% of patients developed an adverse event during treatment with the current MSZ), and they did not limit further treatments, even though in some cases it was necessary to change to other formulations of MSZ. The adverse events described in our study were heterogeneous, wherein alteration of liver function tests (three cases) and dyspepsia (two cases) were the most frequently observed. Recently, Suzuki et al., in a multicenter, double-blind, randomized study, found that the incidence of adverse drug reactions was 14.5% in the 3.6 g/day group, and 20.0% in the 4.8 g/day group. They also described two cases (3.6%) of abnormal liver function test in the 4.8 g/d group (28) . Previous meta-analyses have reported gastrointestinal symptoms in patients undergoing treatment with 5-ASA (26, 29) . Particularly, the most recently published studies aimed at describing the safety of MSZ have reported digestive symptoms as the most frequent adverse event, after headaches, obtaining similar percentages in both the mesalazine granule patient group and the placebo patient group (diarrhea 7.9% and 7.0% and abdominal pain 6.3% and 6.5%, respectively) (30) . Thus, the results from the present study were in accordance with those of previous reports. Nephrotoxicity related to MSZ is still under debate. Some authors have found that renal impairment in IBD patients may be caused by MSZ, and this treatment-related nephrotoxicity seems to occur most often within the first 12 months of treatment (31, 32) . However, in our study no patients developed nephrotoxicity related to MSZ treatment. The results obtained highlight MSZ as a treatment with a sound safety and acceptability profile.
Adherence and compliance are directly related to therapeutic success. Our group demonstrated in a previous study that adherence to therapy in inflammatory bowel disease patients was not satisfactory, and worse in patients treated with MSZ. The survey identified dosing three or more times a day (OR 3; 95%CI: 1.1-8.4; p = 0.03) and feeling ill informed about their disease (OR 4.9; 95%CI: 1.1-23.8; p = 0.04) (33) as risk factors for a lower adherence. In that study we concluded that optimizing the information on the disease and adjusting dosing schedules could enhance therapeutic adherence. In the present study the global therapy adherence was good but the group of patients that took twice-daily doses of MSZ still had a better adherence than patients who took it once, which is a reflection of the need for new tools aimed to improve adherence even more in our patients. In addition to treatment complexity and the physician-patient relationship, disease and patient characteristics may affect the adherence to chronic treatments. Coenen (34) . These data are in concordance with our results; in the current study we found a trend to better adherence in older patients than younger subjects (52 ± 15.2 years vs 44 ± 15.7 years; p = 0.08). Implementation of strategies to improve medication adherence such as mobile applications could be useful tools in the group of younger patients (35) . Regarding the influence that different formulations of MSZ have on the adherence to treatment, it has been described that formulations with more drug might have a better compliance and adherence to treatment (3). In our study, by contrast, we did not find adherence to treatment to be different among the different formulations.
Most of the cases of MSZ withdrawal were due to a patient request after a long time without symptoms. It is necessary to consider that the fact of being free of symptoms may be a risk factor for poor adherence to treatment (36, 37) . Therefore, it is preferable to reach a consensual agreement with the patient to withdraw the treatment rather than a unilateral and uncontrolled withdrawal on their own initiative.
Finally, our study has some limitations, such as the cross-sectional design without a prospective follow-up of the patients. However, the number of patients included is greater when compared to previous experience. Also, adherence to treatment was determined by an indirect method; in this case it would be better controlled by two different methods.
CONCLUSIONS
In our setting, half of our UC patients take high MSZ doses (≥ 3 g/d) as maintenance therapy, with acceptable safety and good adherence. Variable doses are used in clinical practice, highlighting the need to tailor doses according to UC behavior. Half of all patients take a single daily dose and one third needed a different com-mercial brand during therapy. Opting for a higher MSZ maintenance dose is a possible strategy for a satisfactory maintenance therapy. In spite of all the results obtained, the maintenance dose of MSZ must be individualized depending on the patient characteristics and UC evolution, including previous response to treatments and frequency of flare-ups.
